Tremor is among the acute effects of nicotine exposure. Published studies have focused on smokingrelated postural (static) hand tremor rather than kinetic tremor (tremor during hand use), and gender differences in smoking-related tremor have not been examined. In a group of adults who were sampled from a population (mean ± SD = 65.7 ± 11.5 years, range = 18 -92 years), the investigator assessed whether the severity of postural and kinetic tremors differed in smokers versus non-smokers, and whether this difference was influenced by gender. Twenty-seven (9.9%) of 273 subjects were current smokers. Greater tremor was observed in smokers than non-smokers during a variety of activities (drawing a spiral, using a spoon, finger-nose-finger maneuver, all p < 0.05) and smokers had a higher total tremor score than non-smokers (5.15 ± 3.06 vs. 3.41 ± 2.88, p < 0.01), even after adjusting for age, caffeine intake and other potential confounding factors. The difference between smokers and non-smokers in terms of hand tremor was more apparent in women than in men. In women, the number of cigarettes smoked on the day of testing was weakly correlated with the total tremor score (r = 0.17, p = 0.03). In summary, smokers had more kinetic hand tremor than nonsmokers. This difference between smokers and non-smokers was more apparent in women than in men. These results suggest that smoking habits should be considered carefully in order to avoid overor underestimating the effects of occupational and non-occupational exposures to other tremorproducing neurotoxins.
Introduction
It is well-known that tremor is a common manifestation of exposure to several neurotoxins, including lead, pesticides, and harmane, and that this tremor can be disabling (Seshia et al. 1978; Valpey et al. 1978; Louis et al. 2002; Louis et al. 2006) . The tremor may take on several forms, including tremors that occur while the arms are at rest and kinetic tremors, which occur while the arms are performing purposeful movements such as eating or writing. Kinetic tremors are of particular concern because they may interfere with the performance of daily activities.
Smoking can have numerous physiological effects. Among these is tremor, which could be the result of nicotine exposure (Maykoski et al. 1976; Lippold et al. 1978; Lippold et al. 1980; Shiffman et al. 1983; Gomita et al. 1991) . When assessing populations for the tremorproducing effects of neurotoxic compounds like lead and pesticides, smoking habits should also be considered (Ellingsen et al. 2006) .
Human studies of the effects of nicotine have been limited to the assessment of postural tremor, usually examining static tremor in a single finger of an outstretched hand. These studies have not assessed kinetic hand tremor, which is tremor occurring during common daily hand activities such as writing and pouring. Furthermore, these previous studies have relied on tremor recordings rather than assessing clinically detectable tremor using a simple clinical rating scale. Finally, gender differences in tremor have not been examined despite evidence that the physiological effects of cigarette smoke might differ in men and women (Dluzen and Anderson 1997) .
A detailed clinical assessment of tremor was performed in 273 men and women without essential tremor. Data on smoking habits were also collected. This opportunity was used to: (1) compare smokers to non-smokers in terms of the severity of both static tremor as well as kinetic tremor in different conditions, (2) assess whether any differences between smokers and non-smokers were influenced by gender.
Methods

Study Design and Study Subjects
An ongoing case-control study of the environmental epidemiology of essential tremor is being conducted at Columbia University Medical Center (2000 -present) . The goal of this study is to examine whether there is an association between a variety of putative neurotoxins, including lead, beta-carboline alkaloids, and pesticides, and essential tremor (Louis et al. 2002; Louis et al. 2006) . Essential tremor cases are recruited from the outpatient department of the Medical Center's Neurological Institute. Control subjects are identified from the population using random digit telephone dialing and are ascertained from the same source population in the New York Tri-state region (i.e. the same set of zip codes in New York, New Jersey and Connecticut) as are the cases; none has essential tremor, Parkinson's disease or dystonia. These control subjects are frequency matched to cases on five year age strata, gender and ethnicity. Among 449 potential control subjects, 273 (60.8%) agreed to participate and were enrolled. The Columbia University Medical Center Internal Review Board approved of all study procedures and written informed consent was obtained at the time of enrollment. The present analyses were focused on the control subjects. The goal of these analyses was to assess whether smokers had more hand tremor than non-smokers. The study was not designed to capture the acute effects of smoking. In other words, tremor was not measured in smokers before and immediately after they smoked a cigarette, although some data are provided on the association between the number of cigarettes smoked on the day of testing and the severity of tremor.
History and Examinations
Once enrolled, control subjects were evaluated in person by a trained tester either in their homes or in an outpatient setting at the Medical Center. On the day of testing they were not asked to refrain from eating, drinking or other habits like smoking. The tester administered clinical questionnaires and performed a videotaped tremor examination (Louis et al. 2002; Louis et al. 2006) . Using the clinical questionnaires, the trained tester collected data on age, gender, race (coded as white vs. non-white), number of rooms in their home (a socioeconomic status indicator), occupational category, and smoking history, including current use of cigarettes, years smoked, pack-years, and number of cigarettes smoked on the day of testing. Current cigarette smokers were defined as those who answered affirmatively to the question, "Do you currently smoke cigarettes?" Data on current medications were collected. These included the following tremor inducing-medications: tricyclic antidepressants, selective serotonin reuptake inhibitors, digoxin, oral hypoglycemics, nitrates, steroids, asthma inhalers, lithium, valproic acid, diet pills, birth control pills, theophylline, thyroxine, and estrogen replacement therapy. Data on current diet were collected using a semiquantitative food-frequency questionnaire (Willett et al. 1985) , including questions on coffee, tea, and soda consumption, which were converted into mg of caffeine per day. These data were important because caffeine ingestion can increase the severity of low-amplitude finger tremors (Wharrad et al. 1985) . Subjects were also asked to note whether they had used an asthma inhaler on the day of testing. The severity of illness in 14 body systems was rated using the Cumulative Illness Rating Scale; each system received a rating from 0 to 3, with 3 indicating severe illness. The range of scores was from 0 to 42 (Linn et al. 1968) .
For the main measure of tremor, each subject had a videotaped tremor examination. This included sustained arm sustention, which was a test of postural tremor. It also included the following five tests to elicit kinetic tremor: pouring water between two cups, drinking water from a cup, using a spoon to drink water, finger-nose-finger maneuver, and drawing a spiral on a sheet of paper (Louis et al. 2002; Louis et al. 2006) . Each of the six tests was performed with the dominant arm and then the nondominant arm, resulting in 12 tests total (Louis et al. 2002) . Each videotape was reviewed by a neurologist specializing in movement disorders (E.D.L.) who was blinded to clinical information on smoking status, diet and medications. The tremor was rated during each test using a clinical rating scale. The ratings were as follows: 0 = no tremor, 1 = low amplitude tremor was barely perceivable or was intermittent, 2 = tremor was of moderate amplitude and was usually present and was clearly oscillatory, 3 = large amplitude, jerky tremor resulting in difficulty completing the task due to spilling or inability to hold a pen to paper. Thereby, each participant was assigned a tremor score ranging from 0 to 18 for the dominant hand and 0 to 18 for the non-dominant hand. The total tremor score, ranging from 0 to 36, was the sum of these two (Louis et al. 2002) . The reliability of this videotape-based rating has been demonstrated by weighted kappa statistics of 0.62 -0.78, indicating substantial inter-rater agreement (Louis et al. 1998 ) and the score correlates with other objective measures of tremor severity (Louis et al. 1999 ).
The Klove-Matthews Motor Steadiness Battery was administered as a secondary measure of tremor severity. This was the secondary rather than primary measure of tremor because a variety of motor problems such as myoclonus, chorea, and weakness may lead to poor performance. This contrasts with the primary measure during which only tremor, if visualized, was rated. This test consisted of a two-part, 15-minute test protocol. In the first part, a Groove Type Steadiness Tester (Model 32010, Lafayette Instrument, Lafayette, IN) was used to assess kinetic tremor. The unit consisted of two adjustable steel plates which formed the sides of a progressively narrowing groove. The distance between the steel plates was 0.625 inches at one end and 0.125 inches at the other end. The unit was placed flatly on the table and oriented so that the 0.625 inch opening was on the subject's left. The subject moved a hand-held metaltipped stylus (diameter = 0.0625 inches, Model 32100, Lafayette Instrument, Lafayette, IN) horizontally from left to right through the gradually narrowing groove without touching the steel sides of the groove. Any contact between the stylus and the steel wall of the groove completed a circuit and was recorded by a battery operated Silent Impulse Counter (Model 58023, Lafayette Instrument, Lafayette IN). The Impulse Counter recorded the number of contacts between the stylus and the wall. In the second part, a Nine Hole Steadiness Tester (Model 32011, Lafayette Instrument, Lafayette, IN) was used to assess postural tremor. This consisted of a vertical metal plate with holes of gradually diminishing size. The subject was asked to hold the hand-held metal tipped stylus in each of three holes (diameters = 0.312, 0.25, 0.187 inches) for 10 seconds without touching the metal sides. Any contact between the metaltipped stylus and the steel wall of the hole completed a circuit and was recorded by a battery operated Silent Impulse Counter. The Impulse Counter recorded the number of contacts between the stylus and the wall. The testing procedure has been described in detail .
Additional Assessments of Exposure to Neurotoxins
Because control subjects were enrolled in a study of the environmental epidemiology of essential tremor, exposures to a variety of tremor-producing toxins were assessed. These tremor-producing toxins were lead, harmane, and six organochlorine pesticides (p,p'-DDE, p,p'-DDT, !-hexachlorocyclohexane, oxychlordane, trans-nonachlor, and dieldrin). As documented previously, blood lead concentration was analyzed using graphite furnace atomic absorption spectrophotometry (Fernandez and Hilligoss 1982; Louis et al. 2003) . The high performance liquid chromatography method to quantify blood harmane concentration was described previously (Louis et al., 2002; Zheng et al., 2000) . Serum pesticide concentrations were determined by gas chromatography with electron capture detection following an organochlorine-specific cleanup of the lipid fraction of serum, as detailed elsewhere (Wolff et al. 1991; Wolff et al. 1982; Wolff et al. 2005; Louis et al. 2006) .
Power Analysis
A post hoc power analysis indicated that the sample size, 246 non-smokers and 27 smokers, provided 82.9% power to detect a total tremor score that was " 50% higher among smokers than non-smokers. These calculations assumed alpha = 0.05 and the mean ± SD total tremor score among non-smokers = 3.41 ± 2.88. A similar analysis for subjects < 60 years of age (7 smokers and 55 non-smokers) indicated that there was limited power (30.1%) to detect a > 50% difference in total tremor score between younger smokers and non-smokers; in this younger age-group, there was adequate power (82.7%), however, to detect a doubling of total tremor scores in smokers vs. non-smokers.
Statistical Analyses
All analyses were performed in SPSS, Version 13.0. The total tremor score and Klove Matthews Test scores were not normally distributed. Therefore, a non-parametric test, the Mann Whitney U test, was used to compare these scores in smokers vs. non-smokers. A Spearman's correlation coefficient, r, was used to assess the associations between total tremor score and years smoked, pack-years, and number of cigarettes smoked on the day of testing. For a linear regression analysis, the total tremor score was log transformed (log 10 ). Because the total tremor score had a value of 0 in thirty-eight of 273 subjects, 0.5 was added to the value in all 273 subjects prior to this log transformation. In linear regression analyses, log 10 total tremor score was the dependent variable and current smoker (yes vs. no) was the independent variable, adjusting for a variety of confounding variables in different models.
Results
There were 273 subjects; none had essential tremor, Parkinson's disease, or dystonia by history or as determined by an assessment of the videotape examination. Twenty-seven (9.9%) were current smokers and 246 (90.1%) were not. The mean ± SD age was 65.7± 11.5 years, with the range being 18 -92 years. Nineteen (7.0%) subjects were < 40 years of age and 33 (12.1%) were < 50 years of age. Smokers and non-smokers were similar in terms of age, gender, and several other characteristics (Table 1) . Smokers had fewer years of education, fewer rooms in their homes, and consumed more caffeine than non-smokers (Table 1) . Smokers and nonsmokers did not differ with respect to the serum concentration of any of the six organochlorine pesticides or the blood harmane concentration; however, blood lead concentration was higher in smokers than non-smokers (3.7± 1.7 vs. 2.6 ± 1.6, p = 0.003).
The total tremor score as well as the dominant and non-dominant hand tremor scores were greater in smokers vs. non-smokers (Table 2, Figure) . Tremor during several hand activities (using a spoon, finger-nose-finger maneuver, and drawing a spiral) was more pronounced in smokers than in non-smokers (e.g., the mean tremor score while drawing a spiral was 2.17 times higher in smokers than non-smokers, Table 2 ).
Seven (25.9%) smokers vs. 29 (11.8%) non-smokers had hand tremor rated as mild or greater while drawing a spiral with their dominant hand (p = 0.04). Similarly, a larger proportion of smokers than non-smokers had dominant hand tremor rated as mild or greater while using a spoon: 15 (55.6%) vs. 75 (30.7%, p = 0.009) and while performing the finger-nose-finger maneuver: 18 (66.7%) vs. 112 (46.5%, p = 0.05).
The mean total tremor score was higher in men than women: 4.49 ± 3.34 vs. 3.04 ± 2.53 (p < 0.001). The sample was stratified by gender and differences between smokers and non-smokers were examined within each stratum separately (Table 3) . The difference between smokers and non-smokers was more apparent in the female than the male stratum (Table 3, Figure) ; the gender difference between smokers and non-smokers was not due to the confounding effects of blood lead concentration, which was similar in men and women. Similarly, the gender difference was not due to the effects of estrogen replacement therapy; two of the seventeen women who were smokers were on estrogen replacement therapy and their total tremor score was similar to that of the 15 female smokers not on this therapy (4.00 ± 1.41 vs. 5.13 ± 3.42, p = 0.82). The sample contained a small number of younger subjects, including 2 smokers and 31 non-smokers < 50 years of age. While total tremor score trended to be higher in the two smokers (5.0 ± 2.8 vs. 3.5 ± 3.3), the small numbers precluded a meaningful statistical comparison. There were 7 smokers and 55 non-smokers < 60 years of age. Here too, there was a trend for the total tremor score to be higher among smokers (4.7 ± 2.2 vs. 3.7 ± 3.1), although the small sample limited statistical power.
Linear regression analyses were performed to assess the possible impact of confounding variables on the observed association between smoking and tremor score. In these analysis, log 10 total tremor score was the dependent variable and current smoker (yes vs. no) was the independent variable. In the initial analyses, which did not adjust for the effects of other confounders, smoking was associated with log 10 total tremor score (beta = 0.25, p = 0.002, Table 4 ). In an analysis that adjusted for ten potential confounding variables (age, gender, caffeine consumption per day in mg, taking a tremor-inducing medication, used an asthma inhaler on the day of testing, Cumulative Illness Rating Scale score, education, number of rooms in home, white race, occupational category), the association between smoking and log 10 total tremor score remained robust (beta = 0.21, p = 0.01, Table 4 ). After also including the number of cigarettes smoked on the day of testing in the adjusted model, the association between smoking and log 10 total tremor score remained robust (beta = 0.28, p = 0.03) whereas there was no association between the number of cigarettes smoked on the day of testing and log 10 total tremor score (beta = -0.02, p = 0.51). In separate linear regression analyses that adjusted for blood or serum concentrations of each of the other neurotoxins, including lead, the association between smoking and log 10 total tremor score remained robust (i.e., all p values < 0.05, Table 4 ).
Among the 27 smokers, the mean ± SD number of years smoked was 46.3 ± 13.3 years and the mean ± SD number of pack-years was 43.1 ± 24.3. Among smokers, neither the number of years smoked (r = 0.03, p = 0.91) nor pack-years was correlated with the total tremor score (r = 0.39, p = 0.30).
Twenty-two (81.5%) of 27 smokers had smoked on the day of testing, with the mean ± SD number of cigarettes smoked being 3.7 ± 3.0. The number of cigarettes smoked on the day of testing was weakly correlated with the total tremor score in women (r = 0.17, p = 0.03) but not in men (r = 0.09, p = 0.37).
Discussion
A number of toxins like lead, harmane, and pesticides are associated with tremor; the severity of these action tremors ranges from mild (low amplitude) to marked (Louis et al. 2002; Louis et al.. 2003) . Several studies have demonstrated higher blood concentrations of several toxins in subjects with tremor (Louis et al. 2002; Louis et al.. 2003) . Hence, assessing the effects of these toxins on the nervous system is important. These results show that smokers had higher tremor scores than non-smokers and that this difference between smokers and non-smokers was more apparent in women than in men. These data suggest that smoking habits should be taken into account when estimating the effects of occupational or non-occupational exposures to other tremor producing toxins. Failure to do so could result in over-or underestimates of the tremor-producing effects of these other toxins. In other words, observed differences in tremor severity, or lack of observed differences in tremor severity between toxin exposed vs. unexposed groups could be due to the confounding effects of smoking-related tremor.
Smoking-related tremor is thought to be mediated by nicotine-induced catecholamine release. Indeed, nicotine tremor may be blocked in laboratory animals with the use of adrenergic blocking agents (Cahen et al. 1953; Shiffman et al. 1983; Quattrocki et al. 2000) . Although it is surmised that observed differences between smokers and non-smokers are due to the effects of nicotine, this is an extrapolation since nicotine was never measured in these study subjects.
In the current study, smokers had more tremor than non-smokers during a number of clinicallyapparent and common hand activities such as using a spoon and writing. More than twice as many (25.9% vs. 11.8%) smokers vs. non-smokers had hand tremor rated as mild or greater while writing with their dominant hand. The difference between smokers and non-smokers in terms of hand tremor was more apparent in women than in men. The explanation for this observed gender difference is not clear, however, previous investigators have shown that there are marked differences in the effects of nicotine on males and females (Dluzen and Anderson 1997) . In one study, nicotine-evoked catecholamine release was increased in estrogen treated females (Dluzen and Anderson 1997) . Given the tremor-produced effect of catecholamines (Young et al. 1975) , these data would support the current results.
In this study, the primary interest was the non-acute effects of smoking on the magnitude of tremor. The study was not designed to capture the acute effects of smoking; tremor was not measured in smokers before and immediately after they smoked a cigarette. Moreover, the number of cigarettes smoked on the day of testing did not account for the difference in total tremor score between smokers and non-smokers, suggesting that the observed difference was not due to the acute (i.e., immediate) effects of smoking. Also, the emphasis was not on the chronic/cumulative effects of smoking. It was not hypothesized that chronic smoking would result in cumulative increases in tremor severity over time and therefore, there was no expectation that smoking duration would be associated with tremor severity. Indeed, the number of years smoked and the number of pack years were not correlated with the total tremor score. The emphasis was to compare smokers and non-smokers in terms of the severity of their tremor; tremor was assessed at one point in time and this time point was not based upon the timing of their last cigarette.
Overall, women had lower mean tremor scores than men. Previous investigators have demonstrated that physiological tremor has a higher frequency in women than men and that this is likely due to smaller hand volume in women (Raethjen et al. 2000) . Because tremor frequency and amplitude are often inversely related to one another, this suggests that larger hand volumes in men could result in higher tremor amplitudes. Unfortunately, data were not collected on hand volume in the current set of control subjects so that it was not possible to directly assess these relationships in the current dataset.
This study had limitations. Smoking was assessed by self-report and there was no measurement of urine cotinine concentration as an independent measure of smoking habits. In addition, some analyses were stratified. As is often the case with stratified analyses, the power to detect differences between groups diminishes. Despite this potential limitation, several differences were apparent in the female stratum when comparing smokers to non-smokers. These differences included the total tremor score, tremor score in each hand, tremor while using a spoon, tremor while performing the finger-nose-finger maneuver, tremor while drawing a spiral, and Nine Hole Steadiness Tester results. Although there was a trend for total tremor score to be higher in younger smokers than younger non-smokers, the small number of younger subjects only provided adequate power to detect a doubling of total tremor score in younger smokers. Hence, the ability to generalize these findings to younger persons is limited. Finally, although smoker and non-smokers were similar in many respects, including age, gender and medication use, smokers had fewer years of education, fewer rooms in their homes, and consumed more caffeine than did non-smokers. An attempt was made to adjust for these difference in the regression analyses.
This study had a number of strengths. First, studies to date have assessed the effects of nicotine on static tremor; in the current study kinetic tremor was assessed in smokers and non-smokers during a variety of common daily hand activities such as writing, pouring etc. Second, previous studies have limited their approach to quantitative computerized tremor analysis. While this approach adds precision to the measurement of tremor amplitude, it does not ensure that the results are clinically meaningful. In other words, while some tremors are detectable using quantitative computerized tremor analysis, they may not be visible to a clinician who is examining the patient. Similarly, these tremors may not be of functional significance in the sense that the patient may not notice them or complain about them. In the current report, the focus was on tremor that was clinically detectable using a simple clinical rating scale. Furthermore, each videotaped tremor examination was reviewed and tremor was rated by a neurologist specializing in movement disorders. Finally, the influences of gender on hand tremor in smokers and non-smokers has not previously been examined. In summary, smokers had more hand tremor than non-smokers; this tremor included kinetic tremors during a variety of tasks. These results highlight the importance of considering smoking habits when assessing the tremor-producing effects of various neurotoxins. 
